Tn recent years, there has been a proliferation of commercially available pleural drainage units (PDU). The potential advantages of smaller size, lighter weight, and ease of setup, especially for the so-called "waterless systems," have been heavily advertised. On the other hand, it has been suggested that these units are sometimes incapable of resolving pneumothoraces because they cannot handle large bronchopleural air leaks. 12 In a bench model, we previously demonstrated that the maximal air flow through four commonly used brands of PDU ranged from 5.8 to 35.5 L/min and was directly related to the level of resistance in the unit. 3 This prompted us to develop an animal model that would simulate the type and amount of bronchopleural air leak commonly seen in clinical practice and to examine the performance of the four PDU in that setting. Studies were performed on eight healthy mongrel dogs weighing 14 to 31.5 kg. Institutional guidelines for the care and use of laboratory animals were adhered to throughout the experiment. The animals were anesthetized with 30 mg/kg of sodium pentobarbital and paralyzed with succinylcholine. After orotracheal intubation, the animals were mechanically ventilated on a Monaghan 225 ventilator at a FIo2 of 0.5, a tidal volume of 15 ml/kg, and a respiratory rate adjusted to maintain the arterial carbon dioxide pressure PaC02 at 35 to 40 mm Hg. An oxygen analyzer and Bourns L.S.-80 ventilation monitor were inserted into the circuit via a Tshaped connector between the endotracheal tube and the ventilator and used at least hourly to ensure that FIo2, tidal volume and minute ventilation remained constant throughout the experiment. An indwelling femoral artery catheter was placed in order to serially monitor blood pressure and arterial blood gases and ensure that these also remained constant throughout the study.
The left side of the chest was opened via a left lateral thoracotomy incision and a left lower lobectomy was performed in order to create a fixed pleural space. The left lower lobe bronchial stump was oversewn. An alveolar-pleural air leak was created by disrupting the visceral pleura of the left upper lobe over a 6 x 6-cm area using electrocautery, A No. 32 F chest tube was inserted into the pleural space via a separate inferior stab wound and connected to the PDU with standard 6-foot, %-inch internal diameter latex tubing. The ribs were approximated with pericostal sutures and the chest wall was closed in layers.
In order to establish a consistent model of bronchopleural air leak from one dog to the next, the chest tube was always initially connected to the Emerson suction pump set at -20 emtl20 suction. Positive end-expiratory pressure (PEEP) at 8 to 15 emH2Q was then added (mean, 11.3 cmH20) in order to produce an air leak via the chest tube that approximated 60 percent of the total expired tidal volume (endotracheal tube plus chest tube).
The setup for measuring the chest tube air leak (VCT) and the volume exhaled via the endotracheal tube (VET) is illustrated in Figure 1 . A Hans Rudolph pneumotachometer was inserted into an Once a steady state of bronchopleural air leak had been achieved as demonstrated by measurements obtained 30 min apart, four different PDU were used in random sequence and measurements made of VET and Vcr on 0 cm (water seal) and at -20 cmH20 suction. Units studied were the Emerson Post-Operative Pump (J.H. Emerson Co., Cambridge, MA), the Pleur-Evac A-4005 (Deknatel Co., Floral Park, NY), the Thora-Klex (Davol Co., Cranston, Rl), and the Sentinel Seal (Argyle Co., St. Louis). The Emerson and the Thora-Klex, which were the two units capable of -40 cmlIzO suction, were also tested at that setting. Tidal volume, minute ventilation, inspired oxygen fraction, and PEEP level were kept constant during these measurements. At each level of suction the PDU tested first was retested when measurements on the other three units were completed in order to confirm that the bronchopleural air leak remained stable. Results were analyzed by a twotailed Student's t test for paired data. No correction was made for multiple comparisons. A probability value of £0.05 was considered significant. In order to determine the relative impact on chest tube air leak of changes in the type of PDU compared with changes in the level of suction, data were also analyzed by the MANOVA routine for repeated measures of the statistical package for Social Sciences for Personal Computer + (SPSS/PC +). Table 1 
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Level of suction practice, therefore, it usually is necessary to add suction to the system. 4 The level of suction required to achieve effective evacuation of the pleural space depends on the size of the air leak from the lung. 9 Moreover, use of the Sentinel Seal at -20 cmH20 suction and of the Thora-Klex at -40 cmH20 suction for air leaks of this size was impractical. The ThoraKlex is a "waterless" system. Its suction port incorporates a rubber diaphragm that acts as a one-way valve in place of a water seal chamber. The Sentinel Seal is designed according to the traditional water-filled three-chamber system, but has a very narrow connector off of its suction chamber to the wall suction.
Since all of the other components of the drainage system (chest tube, connectors and connecting tubing)
were held constant throughout the study, the limiting factor for both the Thora-Klex and the Sentinel Seal seems to be the caliber of the suction port.
We conclude that any of the four PDU tested are adequate for the management of small air leaks such as occur with a spontaneous pneumothorax or after an uncomplicated pulmonary resection, particularly when the PDU are placed on -20 cmH20 suction. 
